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(54) Surface acoustic wave filter and communications apparatus 



(57) A SAW filter includes a plurality of IDTs (204-6) 
along a SAW propagation direction, and balanced signal 
temninals (21 0,21 1 ) connected to an IDT Then, the SAW 
filter is of a floating balanced type. The plurality of IDTs 
(204-206) are set so as to provide a horizontally asym- 
metrical structure with respect to an imaginary axis 



(222) that is positioned at the center of the center IDT 
in the SAW propagation direction and which is orthogo- 
nal to the SAW propagation direction. Thus, a SAW filter 
having filtering characteristics and a balance-to-unbal- ' 
ance conversion function is achieved with high balance 
between the balanced signal terminals. 



FiG. 1 



CM 



IS. 

CM 

O 
GO 
CM 




Printed by Jouve. 75001 PARIS (FR) 



)OCtO: <f=P i9RnP7dA2 I > 



1 



EP 1 280 274 A2 



2 



Description 

backgrounB of the invention 

1 . Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave filter having filtering characteristics and, 
in particular, a balance-to-unbalance conversion func- 
tion, and to a connmunicatlons apparatus using the sur- 
face acoustic wave f I iter. 

2. Description of the Related Art 

[0002] Recently, there has been significant techno- 
logical progress in reducing the size and weight of cel- 
lular telephones. In order to achieve this, in addition to 
reducing the number and size of components, multi- 
function components are being increasingly developed. 
In the state of the art. recent research has been actively 
conducted on surface acoustic wave (SAW) filters hav- 
ing a balance-to-unbalance conversion function, i.e., a 
so-called "balun" function, which are used in the RF (ra- 
dio frequency) stage of cellular telephones. Such SAW 
filters are used mostly for GSM (global system for mobile 
communications) compliant devices. 
[0003] If a balanced line such as a twin lead feeder is 
directly coupled to ^n unbalanced line such as a coaxial 
cable, an unbalanced current flows, thereby, undesira- 
bly, causing the feeder itself to operate as an antenna. 
A circuit called a balun is thus required for preventing 
the unbalanced current in order to match the balanced 
line to the unbalanced line. 

[0004] Many patent applications pertaining to SAW fil- 
ters having a balance-to-unbalance conversion function 
have been filed. A well-known SAW filter having a bal- 
ance-to-unbalance conversion function and whose in- 
put impedance and output impedance are substantially 
equal is illustrated in Fig. 19. 

[0005] In the SAW filter shown in Fig. 19, a comb-like 
electrode (also called an interdigital transducer, herein- 
after referred to as an "IDT') 1 01 Is fomried on a piezo- 
electric substrate 1 00. IDTs 1 02 and 1 03 are positioned 
on the left and right sides of the IDT 101 , respectively, 
in the surface acoustic wave (SAW) propagation direc- 
tion. 

[0006] Reflectors 1 04 and 1 05 for reflecting a surface 
acoustic wave In order to improve the conversion effi- 
ciency are further arranged in the SAW filter in such a 
manner that they sandwich the IDTs 1 01 , 1 02. and 1 03 
therebetween from the left and right. The SAW filter fur- 
ther includes balanced signal temninals 106 and 107, 
and an unbalanced signal terminal 108. 
[0007] The SAW filter of this type is called a three- IDT 
longitudinally coupled resonator SAW filter having a bal- 
ance-to-unbalance conversion function by performing 
conversion between the IDTs 101, 102, and 103 using 
a surface acoustic wave. 



[0008] In a SAW filter having a balance-to^unbalance 
conversion function, it Is required that the transmission 
characteristics in the pass bind between an unbalanced 
signal terminal and each balanced signal terminal have 
5 equal amplitude characteristics and 1 80*' -out-of -phase 
characteristics. The extent to which the amplitude char- 
acteristic and the phase characteristic meet these re- 
quirements is assessed in terms of "amplitude balance" 
and "phase balance" between the balanced signal ter- 
10 minals, respectively. 

[0009] The amplitude balance and the phase balance 
are defined as follows. If the SAW filter having a bal- 
ance-to-unbalance conversion function is a threes-port 
device consisting of, for example, a first port corre- 
15 spending to an unbalanced input terminal and second 
and third ports corresponding to balanced output termi- 
nals, the amplitude balance— [A], where A = l20log(S21) 
I - 120log(S31 )1, and the phase balance = B - 1 80, where 
B=IZS21 -ZS31i. In the above equations, S21 denotes 
the transfer coefficient from the first port to the second 
port, S31 denotes the transfer coefficient from the first 
port to the third port, and 1 1 indicates an absolute value. 
[001 0] In balance between the balanced signal termi- 
nals, ideally, the amplitude balance and the phase bal- 
ance are 0 dB and 0 degree, respectively, in the pass 
band of a SAW fiiter. 

[001 1 ] However, the SAW filter in the conventional art 
shown in Fig. 19 has a problem in that balance between 
the balanced signal terminals is low. As one possible 
reason, the distance (indicated by a portion 109 in Fig. 
19) between an electrode finger connected to the bal- 
anced signal terminal 106 and a signal electrode finger 
of the IDT 102 is different from the distance (indicated 
by a portion 110 in Fig. 19) between an electrode finger 
connectedto the balanced signal temrilnal 1 07 and a sig- 
nal electrode finger of the IDT 103 by 0.5 times the 
wavelength defined by the pitch between the electrode 
fingers. 

[0012] This leads to additional problems In that the to- 
tal capacitance of the electrode fingers connected to the 
balanced signal terminal 1 06 is different from that of the 
electrode fingers connected to the balanced signal ter- 
minal 107, and that the conversion efficiency between 
an electrical signal and a surface acoustic wave Is dif- 
ferent between the balanced signal terminals 106 and 
1 07, resulting In low balance. Fig. 20 shows that the bal- 
anced signal temrilnal 1 07 shown in Fig. 1 9 is connected 
to the ground, and Fig. 21 shows that the balanced sig- 
nal terminal 106 shown in Fig. 19 is connected to the 
ground. Fig. 22 shows the difference between the fre- 
quency-amplitude characteristic output from the bal- 
anced signal terminal 106 In Fig. 20 (represented by a 
solid line In Fig.22) and the frequency-amplitude char- 
acteristic output from the balanced signal tenninal 107 
in Fig. 21 (represented by a dot-chain line in Fig.22). 
There is a large difference between the two amplitude 
characteristics, and this difference Introduces low bal- 
ance. 
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SUMMARY OF THE INVENTION 

[001 3] Accordingly, it is an object of the present inven- 
tion to provide a surface acoustic wave filter having a 
balance-to-unbalance conversion function that com- 5 
pensates for the above-described difference between 
balanced signal terminals, which is one reason for low 
balance between the balanced signal terminals, and 
that exhibits satisfactory balance between the balanced 
signal terminals, and to provide a communications ap- fo 
paratus using the SAW filter. 

[0014] To this end, in an aspect of the present Inven- 
tion, a SAW filter Includes a piezoelectric substrate, an 
Interdlgltal transducer (IDT) set formed on the piezoe- 
lectric substrate, and a balanced signal terminal con- ^5 
nectedtothe IDT set. The IDT set includes, along a SAW 
propagation direction, a plurality of IDTs for converting 
an input electrical signal into a surface acoustic wave 
and outputting the surface acoustic wave, and for con- 
verting a propagating surface acoustic wave into an out- 20 
put electrical signal and outputting the output electrical 
signal. The IDT set is asymmetric with respect to an im- 
aginary axis which is located at the center of the IDT set 
In the SAW propagation direction and which is orthogo- 
nal to the SAW propagation direction. 25 
[0015] The IDT set may Include an odd number of 
IDTs. The imaginary axis may be located at central por- 
tion of the IDT which is centrally located among the plu- 
rality of the IDTs, and may be orthogonal to the SAW 
propagation direction. . 
[0016] The distances between adjacent IDTs In the 
IDT set may be different such that the interdlgltal trans- 
ducer set is asymmetric with respect to the imaginary 
axis. 

[0017] The duty ratios of the electrode finger widths 55 
to the pitches of the IDT set may be different such that 
the interdlgltal transducer set Is asymmetric with respect 
to the Imaginary axis. 

[0018] The pitches of the interdlgltal transducer set 
may be different such that the interdlgltal transducer set 40 
Is asymmetric with respect to the Imaginary axis. 
[0019] The IDT set may include narrower-pitch elec- 
trode finger portions at portions where two IDTs are ad- 
jacent to each other, each narrower-pitch electrode fin- 
ger portion including several electrode fingers having a ^5 
smaller pitch than that of the other electrode fingers. The 
pitches of the narrower-pitch electrode finger portions 
may be different such that the interdigital transducer set 
is asymmetric with respect to the Imaginary axis. 
[0020] With this configuration, the IDT set having a so 
plurality of IDTs in the SAW propagation direction can 
achieve a filtering function which allows specific fre- 
quency band components to pass while other compo- 
nents to be prevented. 

[0021] In this configuration, a balanced signal term!- 55 
nal connected to the IDT set does not have an electri- 
cally neutral point and therefore is of a floating balanced 
type, thus Implementing a balance-to-unbalance con- 



version function while making it possible to relatively 
readily set an imaginary axis that is positioned at the 
center of the IDT set in the SAW propagation directlorj^ 
and which is orthogonal to the propagation direction. 
[0022] In this configuration, the IDT set is configured 
so as to be asymmetric with respect to the imaginary 
axis. For example, the distances between adjacent IDTs 
may be asymmetric with respect to the Imaginary axis, 
the duty ratios of the IDT set may be asymmetric with 
respect to the imaginary axis, and/or the narrower-pitch 
electrode finger portions provided on the IDT set may 
be asymmetric with respect to the imaginary axis. This 
Increases balance, in particular, the phase balance. 
[0023] Accordingly, a SAW filter implementing both a 
filtering function and a balance-to-unbalance conver- 
sion function in which balance, in particular, the phase 
balance, is improved can be achieved, and can also be 
suitably used for communications apparatuses such as 
cellular telephones. 

[0024] In the SAW filter, preferably, at least one SAW 
resonator is connected at least In series or in parallel to 
the IDT set. The SAW resonator connected to the IDT 
set increases the filtering function. 
[0025] In another aspect of the present invention, a 
communications apparatus includes a surface acoustic 
wave filter having any of the foregoing configuration. 
With use of a surface acoustic wave filter implementing 
both a filtering function and a balance-to-unbalance 
conversion function in which balance, in particular, the 
phase balance. Is improved, the communications capa- 
bility can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Fig. 1 is a schematic diagram of a SAW filter ac- 
cording to a first embodiment of the present inven- 
tion; 

Fig. 2 is a graph showing the difference in amplitude 
balance between the first embodiment and a com- 
parative example; 

Fig. 3 is a graph showing the difference In phase 
balance between the first embodiment and the com- 
parative example; 

Fig. 4 is a schematic diagram of a SAW filter in the 
comparative example; 

Fig. 5 is a graph showing the frequency-transmis- 
sion characteristic of the SAW filter in the compar- 
ative exampi^e; 

Fig. 6 is a graph showing the frequency-transmis- 
sion characteristic of the SAW filter in the first em- 
bodiment; 

Fig. 7 is a schematic diagram of a modification of 
the SAW filter in the first embodiment; 
Fig. 8 is a schematic diagram of another modifica- 
tion of the SAW filter in the first embodiment; 
Fig. 9 is a schematic diagram of a SAW filter ac- 
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cording to a second ennbodiment of the present in- 
vention; 

Fig. 10 is a graph showifig the difference in ampli- 
tude balance between the second embodiment and 
the comparative example; 

Fig. 11 is a graph showing the difference in phase 
balance between the second embodiment and the 
comparative example; 

Fig. 12 Is a graph showing the frequency-transmis- 
sion characteristic of the SAW filter In the second 
embodiment; 

Fig. 13 is a schematic diagram of a SAW filter ac- 
cording to a third embodiment of the present inven- 
tion; 

Fig. 14 is a graph showing the difference in ampli- 
tude balance between the third embodiment and 
the comparative example; . 
Fig. 15 Is a graph showing the difference in phase 
balance between the third embodiment and the 
comparative example; 

Tig. 16 is a graph showing the frequency-transmis- 
sion characteristic of the SAW filter in the third em- 
bodiment; 

Fig. 1 7 Is a schematic diagram of a modification of 
the SAW fitter in the third embodiment; 
Fig. 18 is a blocl< diagram of a main part of a com- 
munications apparatus according to the present in- 
vention; 

Fig. 1 9 is a schematic diagram of a SAW filter in the 
conventional art having a balance-to-unbalance 
conversion function; 

Fig. 20 is a schematic diagram of the SAW filter in 
the conventional art, showing that one of the bal- 
anced signal terminals Is connected to the ground;. 
Fig. 21 is a schematic diagram of the SAW filter in 

the conventional art, showing that the other bal- 
anced signal terminal Is connected to the ground; 
and 

Fig. 22 is a graph showing the difference between 
the frequency-amplitude characteristics of the SAW 
filters shown in Figs. 20 and 21 . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Embodiments of the present invention are now 
described with reference to Figs. 1 to 19. 

First Embodiment 

[0028] In a SAW filter according to a first embodiment 
of the present invention, as shown in Fig. 1 , on a piezo- 
electric substrate 20, a longitudinally coupled resonator 
SAW filter unit (IDT set) 201 , and SAW resonators 202 
and 203 connected in series to the SAW filter unit 201 
are formed of an aluminum (Al) electrode (foil) produced 
by a technique such as photolithography. The piezoe- 
lectric substrate 20 may be a 40±5** Y-cut X-propagating 



Lna03 substrate. The following embodiments of the 
present invention are described in the context of a PCS 
(peirsonal communication system) receptfon SAW fflter. 
[0029] The SAW filter unit 201 includes an IDT 205, 
5 and IDTs 204 and 206, which sandwich the IDT 205 ther- 
ebetween from the left and right in the SAW propagation 
direction. The SAWfilter unit 201 further includes reflec- 
tors 207 and 208 positioned beside the IDTs 204 and 
206, respectively. 

10 [0030] The IDTs 204, 205, and 206 each have two 
electrode finger portions each including a strip base por- 
tion (bus bar) and a plurality of strip electrode fingers 
extending in parallel to each other and extending orthog- 
onally from one side of the base portion. The electrode 

15 finger portions are configured so that the electrode fin- 
gers of one electrode finger portion are interieaved with 
the electrode fingers of the other electrode finger portion 
such that the sides thereof face each other. 
[0031] In any of the IDTs 204, 205, and 206, if a po- 

20 tential difference occurs due to electrical signals Input 
to the two electrode finger portions via the base portions 
(bus bars), a surface acoustic wave is produced at that 
portion on a surface of the piezoelectric substrate 20. 
The surface acoustic wave then propagates across the 

25 surface of the piezoelectric substrate 20 in a bi-direc- 
tional manner In the width direction of the electrode fin- 
gers, i.e., in the direction orthogonal to the length of the 
electrode fingers. In an IDTto which no electrical signal 
is input, the potential difference produced on the surface 

30 of the piezoelectric substrate 20 by the propagating sur- 
face acoustic wave is detected by the electrode fingers, 
and is converted into an output electrical signal, which 
is then output. 

[0032] In the IDTs 204, 205, and 206, the signal con- 
35 version characteristic or the pass band can be deter- 
mined by setting the length and width of each electrode 
finger, the pitch between adjacent electrode fingers, and 
the interdigltal length which means the length by which 
the interleaved electrode, fingers face each other. The 
40 reflectors 207 and 208 reflect a propagating surface 
acoustic wave. 

[0033] As is apparentfrom Fig. 1 , in the SAWfilter unit 
201 , the pitch between some electrode fingers (narrow- 
er-pitch electrode fingers) nearthe portion (indicated by 

45 a portion 213) where the adjacent IDTs 204 and 205 face 
each other Is smaller than the pitch between the other 
electrode fingers of the IDTs 204 and 205. Likewise, the 
pitch between some electrode fingers (narrower-pitch 
electrode fingers) near the portion (indicated by a por- 

50 tion 214) where the adjacent IDTs 205 and 206 face 
each other Is narrower than the pitch between the other 
electrode fingers of the IDTs 205 and 206. Thus, the in- 
sertion loss In the SAW filter unit 201 can be reduced. 
[0034] Balanced signal terminals 210 and 211 are 

55 connected to the electrode finger portions of the center 
IDT 205. Tlien, the SAW filter unit 201 does not have a 
ground potential as an electrically neutral point, and 
therefore Is of thefloating balanced type. An unbalanced 
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signal terminal 209 Is connected to one electrode finger 
portion in each of the IDTs 204 and 206. The other elec- 
trode finger portion in each of the IDTs 204 and 206 is ^ 
connected to the ground. 

[0035] Connecting the balanced signal terminals 210 5 
and 211 and the unbalanced signal terminal 209 in this 
manner can provide a balance-to-unbalance conversion 
function for the SAW filter unit 201 . Specifically, when a 
balanced electrical signal is Input to the balanced signal 
tenninals 21 0 and 21 1 , an unbalanced electrical signal io 
is output from the unbalanced signal terminal 209. Oh 
then other hand, when an unbalanced electrical signal 
is input to the unbalanced signal terminal 209, a bal- 
anced electrical signal is output from the balanced sig- 
nal terminals 21 0 and 211 . 15 
[0036] The SAW resonators 202 and 203 are connect- 
ed in series between the unbalanced signal tenninal 209 
and the IDTs 204 and 206 via a signal line 212. For sim- 
plicity of illustration, the number of electrode fingers 
shown in Fig. 1 is less than actually provided. 20 
[0037] A ground line 221 is disposed between the sig- 
nal line 21 2 and the balanced signal temninal 21 0, which 
carries a shield pattern for reducing the bridge capaci- 
tance therebetween. 

[0038] In the SAW filter according to the first embod- 25 
iment, the IDTs 204, 205, and 206 are set so that the 
pitch between the IDTs 204 and 205, which are adjacent 
to each other in the SAW propagation direction, is dif- 
ferent from the pitch between the IDTs 205 and 206, 
which are adjacent to each other in the SAW propaga- 30 
tion direction. In other words, the SAW filter according 
to the first embodiment has a horizontally asymmetrical 
structure with respect to an imaginary axis 222 that is 
positioned at the center of the center IDT 205 in the SAW 
filter unit 201 In the SAW propagation direction and . 35 
which is orthogonal to the SAW propagation direction. 
[0039] Where the wavelength defined by the pitch be- 
tween the narrower-pitch electrode fingers is indicated 
by XI2 (indicated by the portions 213 and 214 in Fig. 1), 
and the wavelength defined by the pitch between the 40 
other electrode fingers is indicated by X\^, the specific 
design of the longitudinally coupled resonator SAW filter 
unit 201 is as follows: 

interdigital length W: 60.6 X\^; 45 
number of electrode fingers of the IDT 204: 29(4) 
number of electrode fingers of the IDT 205: (4)45(4) 
number of electrode fingers of the IDT 206: (4)29 

(the number in parentheses indicates the number of nar- so 
rower-pitch electrode fingers); 

IDT wavelength X\^ : 2.06 tun 
1 .88 p.m; 

reflector wavelength XB: 2.07 ^m; 55 
number of electrode fingers of reflector: 1 00; 
pitch between the IDTs 204 and 205: 0,500 Xlg (in- 
dicated by a portion 219 In Fig. 1) 



pitch between the IDTs 205 and 206: 0.484 A.I2 (in- 
dicated by a portion 220 in Fig. 1); 
pitch between electrode finder having wavelength 
X\^ and electrode finger having wavelength Xlg (in- 
dicated by portions 215, 216, 217, and 218 in Fig. 
1): 0.250 X\^ + 0.250 Xl^, 
pitch between IDT and reflector: 0.470 XR 
duty ratio: 0.60 (for IDT and reflector); and 
electrode thickness: 0.080 X\^. 

[0040] The specific design of the SAW resonator 202 
is as follows: 

interdigital length W: 49.1 X; 
number of electrode fingers of IDT: 401 ; 
wavelength X (for IDT and reflector): 2.04 pim; 
number of electrode fingers of reflector: 30; 
pitch between IDT and reflector: 0.50 X; 
duty ratio: 0.60 (for IDT and reflector); and 
electrode thickness: 0.080 X, 

[0041 ] The specific design of the SAW resonator 203 
is as follows: 

interdigital length W: 40.6 X; 
number of electrode fingers of IDT: 241 ; 
wavelength X (for IDT and reflector): 1 .97 \im; 
number of electrode fingers of reflector: 30; 
pitch between IDT and reflector: 0.50 X; 
duty ratio: 0.60 (for IDT and reflector); and 
electrode thickness: 0.084 X. 

[0042] As used herein, "pitch" means the center-to-, 
center distance between two electrode fingers in the 
width direction thereof. 

[0043] Figs. 2 and 3 are graphs showing the ampli- 
tude balance and the phase balance between the bal- 
anced signal terminals, respectively, in the frequency 
characteristic of the SAW filter according to the first em- 
bodiment. A SAW filter in a comparative example shown 
in Fig. 4 uses a SAW filter unit 201a in which the pitch 
between the IDTs 204 and 205 is the same as the pitch 
between the IDTs 205 and 206. The amplitude balance 
and the phase balance of the SAW filter in the compar- 
ative example are also shown in Figs. 2 and 3. 
[0044] The SAW filter In the comparative example 
shown in Rg. 4 has the same structure as the SAW filter 
in the first embodiment, except that the pitch between 
the IDTs 204 and 205 is the same as the pitch between 
the IDTs 205 and 206. Although not shown in Fig. 4, the 
piezoelectric substrate 20 is used in the SAW filter in the 
comparative example. 

[0045] The frequency of the pass band of a PCS re* 
ception filter ranges from 1930 MHz to 1990 MHz. The 
amplitude balance in this frequency range is -0.75 to 
+2.30 dB (having a deviation of 3.05 dB) for the com- 
parative example, while it is - 0.80 to +2.30 dB (having 
a deviation of 3.10 dB) for the. first embodiment. The 
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phase balance Is -7.0 to +5.5"* (having a deviation of 
12.5°) for the comparative example, while it is -4.0 to 
+5.5** (hiving a deviation of 9.5°) for the firsf embodi- 
ment The smaller the deviation, the higher the ampli- 
tude balance, and the smaller the deviation, the higher 
the phase balance. In the first embodiment, therefore, 
the amplitude balance is slightly lower, while the phase 
balance is about 3.0** highier. 

[0046] This is an advantage achieved by making the 
pitch between the IDTs 204 and 205 different from the 
pitch between the IDTs 205 and 206 to compensate for 
a difference between the total capacitance of the elec- 
trode fingers connected to the balanced signal terminal 
210 and the total capacitance of the electrode fingers 
connected to the balanced signal terminal 211 , and for 
a difference in conversion efficiency between an electri- 
cal signal and a surface acoustic wave between the bal- 
anced signal tenninals 210 and 211. Figs. 5 and 6 show 
the transmission characteristics of the SAW filter in the 
comparative example and the SAW filter In the first em- 
bodiment, respectively. The transmission characteristic 
for the first embodiment is substantially the same as that 
for the comparative example, although the transmission 
characteristic for the first embodiment exhibits a small 
undesirable ripple A in the pass band, as shown in Fig. 6. 
[0047] If the pitches between IDTs on the left and right 
sides of the SAW filter unit 201 greatly differ, a large un- 
desirable ripple A Is exhibited In the pass band. There- 
fore, the pitches between IDTs should be adjusted so 
that the undesirable ripple is not large and, preferably, 
the ripple does not exceed 1 .0 dB, which is a commercial 
requirement of the deviation in the pass band, In order 
to achieve the advantage of the first embodiment. 
[0048] According to the first embodiment, therefore, 
the SAW filter having a balance-to-unbalance conver- 
sion function Is configured so that the pitches between 
IDTs on the left and right sides are different so as to pro- 
vide a horizontally asymmetrical structure with respect 
to the Imaginary axis 222 that Is positioned at the center 
of the center I DT 205 of the SAW filter unit 201 and which 
is orthogonal to the SAW propagation direction. Conse- 
quently, the SAW filter according to the first embodiment 
can have a higher phase balance between balanced sig- 
nal terminals than the SAW filter in the comparative ex- 
ample. 

[0049] In the first embodiment, a single longitudinally 
coupled resonator SAW filter unit 201 having three IDTs 
204, 205, and 206 is used, and two SAW resonators 202 
and 203 are connected in series to the SAW filter unit 
201, in which a balanced signal is obtained from the 
center IDT 205 of the longitudinally coupled resonator 
SAW filter unit 201 . However, the present invention is 
not limited to this fomn, and a SAW filter having balanced 
signal tenninals of any configuration can achieve advan- 
tages similar to those of the first embodiment. 
[0050] For example, in a longitudinally coupled reso- 
nator SAW filter having four IDTs, as shown in Fig. 7, a 
pitch 301 between adjacent IDTs Is different from a pitch 



302 between adjacent IDTs so as to provide a horizon- 
tally asymmetrical structure with respect to an imaginary 
axis 303 that Is portlcfned at the center of the SAW filter 
unit and which is orthogonal to the SAW propagation 
5 direction. With the horizontally asymmetrical structure, 
advantages similar to those in the first embodiment can 
achieved. 

[0051] It is apparent that advantages similar to those 
of the first embodiment are achieved by a SAW filter hav- 
10 ingmore IDTs. For example, a SAW filter having a SAW 
resonator connected in parallel to the SAW filter unit 201 
may be used. As shown in Fig. 8, a SAW filter may be 
configured such that the unbalanced signal temninal 209 
Is input (output) from the opposite sides of IDTs 304 and 
15 306 of the longitudinally coupled resonator SAW filter 
unit. A SAW filter having two longitudinally coupled res- 
onator SAW filter units connected in a cascade manner 
may be used. These SAW filters would achieve advan- 
tages similar to those of the first embodiment if, for ex- 
ample, in Fig. 8, the SAW filter has a horizontally asym- 
metrical structure with respect to an imaginary axis 322. 
[0052] In the SAW filter according to the first embod- 
iment, the piezoelectric substrate 20 is a 40+5'' Y-cut X- 
propagating LiTaOg substrate; however, the present in- 
vention is not limited thereto, as anticipated from the 
principle that the advantages of the present invention 
are achieved. The piezoelectric substrate 20 may be 
made of 64° to 72" Y-cut X-propagating LiNbOg, 41' Y- 
cut X-propagatIng LiNbOg, or the like. 

Second Embodiment 

[0053] Fig. 9 shows a SAW filter according to a sec- 
ond embodiment of the present invention. The SAW fil- 
ter according to the second embodiment is different from 
that in the comparative example shown in Fig. 4 In that 
the duty ratio of the electrode fingers of the IDT 402 that 
are connected to the unbalanced signal terminal 409 is 
changed from 0,60 to 0.50. Given that an Imaginary axis 
420 is positioned at the center of the center IDT 403 of 
a SAW filter unit 401 , and Is orthogonal to the SAW prop- 
agation direction, the. SAW filter unit 401 has a horizon- 
tally asymmetrical structure with respective to the imag- 
inary axis 420. The structure of the other components 
is the same as that of the comparative example. 
[0054] Figs. 1 0 and 11 are graphs showing the ampli- 
tude balance and the phase balance between balanced 
signal terminals 41 0 and 41 1 , respectively, in the fre- 
quency characteristic of the SAW filter according to the 
second embodiment. For comparison, the amplitude 
balance and the phase balance of the SAW filter in the 
comparative example shown in Fig. 4 are also shown in 
Figs. 10 and 11, respectively. 

[0055] In the SAW filter in the second embodiment, 
the duty ratio of the electrode fingers of the IDT 402 that 
are connected to the unbalanced signal terminal 409 is 
changed, thus making the bandpass frequency band 
about 1 MHz higher than that of the SAW filter in the 
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comparative example. 
[0056] For simplification of comparison between the 
j^second embodiment and the comparative example, in 
Figs. 10 and 11 , the frequency of the SAW filter in the 
second embodiment is 1 MHz lower than actually pro- 5 
vided. The amplitude balance in the frequency range of 
the pass band of a PCS reception filter is -0.75 dB to 
+2.30 dB (having a deviation of 3.05 dB) for the com- 
parative example, while it is -0.75 dB to +2.25 dB (hav- 
ing a deviation of 3.00 dB) for the second embodiment io 
In the second embodiment, therefore, the amplitude bal- 
ance is about 0.05 dB higher. 

[0057] The phase balance in the frequency range Is 
-7.0* to +5,5° (having a deviation of 12.5**) for the com- 
parative exampie, while it is -4.5° to +5.0° (having a de- 
viatlon of 9.5°) for the second embodiment. In the sec- 
ond embodiment, therefore, the phase balance Is about 
3.0° higher. This is an advantage achieved by reducing 
the duty ratio of the electrode fingers of the IDT 402 that 
are connected to the unbalanced signal terminal 409 to 20 
compensate for a difference between the total capaci- 
tance of the electrode fingers connected to the balanced 
signal terminal 41 0 andthe total capacitance of the elec- 
trode fingers connected to the balanced signal terminal 
411, and for a difference in conversion efficiency be- 25 
tween an electrical signal and a surface acoustic wave 
between the balanced signal terminals 410 and 411. 
The SAW filter in the second embodiment exhibits sub- 
stantially the same transmission characteristic in the 
pass band as the SAW filter in the comparative example, 30 
as Is apparent from Fig, 5 showing the transmission 
characteristic for the comparative example and Fig. 12 
showing the transmission characteristic for the second 
embodiment. 

[0058] According to the second embodiment, there- 35 
fore, the SAW filter having a baiance-to-unbalance con- 
version function is configured so that the duty ratio of 
the electrode fingers of the IDT 402 that are connected 
to the unbalanced signal terminal 409 is reduced so as 
to provide a horizontally asymmetrical structure with re- 40 
spect to the Imaginary axis 420 that is positioned at the 
center of the center IDT 403 of the SAW filter unit 401 
and which is orthogonal to the SAW propagation direc- 
tion. Consequently, the SAW filter according to the sec- 
ond embodiment can have higher balance between the 45 
balanced signal terminals 410 and 411 than the SAW 
filter in the comparative example. 
[0059] In the second embodiment, only the duty ratio 
of a signal electrode is changed; however, the duty ratio 
of either a signal electrode or a ground electrode may so 
be changed to provide a horizontally asymmetrical 
structure, thereby achieving advantages similarto those 
of the second embodiment. Furthennore, while the duty 
ratio is reduced in the second embodiment, the duty ra- 
tio of, for example, the IDT 404 may be increased, there- ss 
by providing higher balance. The duty ratio may be in- 
creased or reduced depending upon the IDTs. 
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Third Embodiment 

[0060] \SA\N filter according to a third embodiment 
of the present Invention Is now described with reference 
to Fig. 13. The SAW filter according to the third embod- 
iment is the same as the SAW filter in the comparative 
example shown in Fig. 4, except that a SAW filter unit 
201 b having an IDT 204a whose pitch is 0.01 smaller 
than the pitch of the IDT 204 In Fig. 4. Thus, the SAW 
filter unit 201 b has a horizontally asymmetrical structure 
with respective to an imaginary axis that is positioned at 
the center of the center IDT 205 of the SAW filter unit 
201b and which Is orthogonal to the SAW propagation 
direction. 

[0061] Figs. 1 4 and 15 are graphs showing the ampli- 
tude balance and the phase balance between balanced 
signal terminals, respectively^ in the frequency charac- 
teristic of the SAW filter according to the third embodi- 
ment. For comparison, the amplitude balance and the 
phase balance of the SAW filter in the comparative ex- 
ample shown in Fig. 4 are also shown in Figs. 14 and 
15, respectively. 

[0062] In the third embodiment, the IDT 204a whose 
pitch Is 0.01 Mjn smaller than the pitch of the IDT 204 In 
Fig. 4 is used, thus making the bandpass frequency 
about 1 MHz higher than that of the SAW filter in the 
comparative example. For simplification of comparison 
between the third embodiment and the comparative ex- 
ample, in Figs. 14 and 15, the frequency of the SAW 
filter in the third embodiment Is 1 MHz lower thari actu- 
ally provided. 

[0063] The amplitude balance In the frequency range 

of the pass band of a PCS reception SAW filter Is -0.75 
dB to +2.30 dB (having a deviation of 3.05 dB) for the 
comparative example, while it Is -0.75 dB to +2.40 dB 
(having a deviation of 3.15 dB) for the third embodiment. 
The phase balance is -7.0*» to +5.5* (having a deviation 
of 12.5°) for the comparative example, while it is -3.5° 
to +6.0° (having a deviation of 9.5°) for the third embod- 
iment. In the third embodiment, therefore, the amplitude 
balance is slightly lower, although the phase balance is 
about 3.0** higher. 

[0064] This is an advantage achieved by using the . 
IDT 204a whose pitch Is smaller than that of the IDT 204 
to compensate for a difference between the total capac- 
itance of the electrode fingers connected to the bal- 
anced signal terminal 21 0 and the total capacitance of 
the electrode fingers connected to the balanced signal 
terminal 21 1 , and for a difference in conversion efficien- 
cy between an electrical signal and a surface acoustic 
wave betweeri the balanced signal temnlnals 210 and 
211. 

[0065] The SAW filter In the third embodiment exhibits 
substantially the same transmission characteristic in the 
pass band as the SAW filter in the comparative example, 
although the pass bandwidth is slightly narrower than 
that in the comparative example, as is apparent from 
Fig. 5 showing the transmission characteristic for the 
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comparative example and Fig. 1 6 showing the transmis- 
sion characteristic for the third embodiment 
[0066] According to thfe third embodiment, therefore, 
the SAW filter having a balance-to-unbaiance conver- 
sion function is configured so that the IDT 204a whose s 
pitch is smaller than the pitch of the IDT 204 in the com- 
parative example is used so as to provide a horizontally 
asymmetrical structure with respect to an imaginary axis 
that is positioned at the center of the center IDT 205 of 
the SAW filter unit 201b and which is orthogonal to the io 
SAW propagation direction. Consequently, the SAW fil- 
ter according to the third embodiment can have a higher 
phase balance between the balanced signal terminals 
21 0 and 21 1 than the SAW filter in the comparative ex- 
ample. 15 
[0067] While the pitch is reduced in the third embod- 
iment, the pitch of, for example, the IDT 206 may be in- 
creased, thereby providing higher balance. The pitch 
may be increased or reduced depending upon the IDTs. 
[0068] Furthennore, the pitch between narrower-pitch 20 
electrode fingers near the portion where the IDTs 204 
and 205 are adjacent to each other may be different from 
the pitch between narrower-pitch electrode fingers near 
the portion where the IDTs 205 and 206 are adjacent to 
each other, as shown In Fig. 1 7. For example, the SAW 25 
filter shown In Fig. 17 is the same as the SAW filter in 
the comparative example shown in Fig. 4, except that it 
uses a SAW filter unit 201c having an IDT 204b in which 
the pitch between narrower-pitch electrode fingers is 
smaller than the pitch between narrower-pitch electrode 30 
fingers in the IDT 204 shown in Fig. 4, and an IDT 205a 
In which the pitch between narrower-pitch electrode fin- 
gers near the IDT 204b is smaller than the pitch between 
narrower-pitch electrode fingers in the IDT 205 near the 
IDT 204 shown in Rg. 4. 35 
[0069] Accordingly, in the configuration shown in Fig: 
17, the pitch between electrode fingers near the portion 
where the IDT 205a Is adjacent to the IDT 204b and the 
pitch betvyeen electrode fingers near the portion where 
the IDT 205a is adjacent to the IDT 206 are horizontally 40 
asymmetric with respect to an Imaginary axis that is po- 
sitioned at the center of the center IDT 205a of the SAW 
filter unit 201 c and which is orthogonal to the SAW prop- 
agation direction. Consequently, the SAW filter can have 
higher balance between the balanced signal terminals 45 
21 0 and 21 1 than the SAW filter in the comparative ex- 
ample. 

[0070] In a SAW filter according to the present inven- 
tion, therefore, on a piezoelectric substrate, a plurality 
of IDTs are formed along the SAW propagation direction, 50 
and balanced signal input terminals or balanced signal 
output terminals are formed. The surface acoustic wave 
filter does not have an electrically neutral point, and 
therefore is of the floating balanced type. The surface 
acoustic wave filter has a horizontally asymmetrical 55 
structure with respect to an imaginary axis that is posi- 
tioned at the center IDT of the SAW filter and which is 
orthogonal to the SAW propagation direction. With the 
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horizontally asymmetrical structure, the SAW filter can 
have higher balance (the phase, balance, in partilcular) 
* between the balanced signal temninSls. 
[0071] In a preferable form, the SAW filter has an odd 
number of IDTs, and has a horizontally asymmetrical 
structure with respect to an imaginary axis that is posi- 
tioned at the center of the center IDT of the IDTs and 
which is orthogonal to the SAW propagation direction. 
[0072] Preferable configurations or methods to pro- 
vide a horizontally asymmetrical structure are a& fol- 
lows: 

(1 ) the distances between adjacent IDTs In the SAW 
filter are horizontally asymmetric with respect to the 
imaginary axis orthogonal to the SAW propagation 
direction; 

(2) the duty ratios of a plurality of IDTs in the SAW 
filter are horizontally asymmetric with respect to the 
imaginary axis orthogonal to the SAW propagation 
direction; 

(3) the pitches of a plurality of IDTs in the SAW filter 
are horizontally asymmetric with respect to the im- 
aginary axis orthogonal to the SAW propagation di- 
rection; and 

(4) the SAW filter includes narrower-pitch electrode 
finger portions in which the pitch between several 
electrode fingers is smaller than the pitch between 
the other electrode fingers at the portion where two 
IDTs are adjacent to each other, wherein the pitches 
of the narrower-pitch electrode finger portions are 
horizontally asymmetric with respect to the imagi- 
nary axis orthogonal to the SAW propagation direc- 
tion. 

[0073] The SAW filter according to the present inven- 
tion preferably includes at least one SAW resonator con- 
nected in series or in parallel or in combination thereof 
in order to increase the out-of-passband attenuation. 
£0074] Although the features of the first to third em- 
bodiments have been separately illustrated, by way of 
example, in the foregoing description, it is apparent that 
advantages similar to those of the embodiments can be 
obtained by using any combination of these embodi- 
ments. 

[0075] A description is now given, with reference to 
Fig. 18, of a communications apparatus 600 using a 
SAW filter according to any of the first to third embodi- 
ments. In the communications apparatus 600, a receiver 
(Rx) for reception Includes an antenna 601 , an antenna 
dupiexer/RF top filter 602, an amplifier 603, Rx inter« 
stage filter 604, a mixer 605, a first IF filter 606, a mixer 
607, a second IF filter 608, a first-and-second signal. lo- 
cal synthesizer 61 1 , a temperature compensated crystal 
oscillator (TCXO) 612, a divider 613, and a local filter 
614. 

[0075] Preferably, two balanced signals are transmit- 
ted from the Rx Inter-stage filter 604 to the mixer 605, 
as indicated by two lines in Fig. 18, In order to maintain 
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balance. 

[0077] In the communications apparatus 600, a trans- 
mitter (Tx) for transmission includes the antenna 601, 
the antenna duplexer/RF top filter 602, a Tx IF filter 621 , 
a mixer 622, a Tx inter-stage filter 623, an amplifier 624, 5 
a coupler 625, an isolator 626, and an automatic power 
control (ARC) 627. The antenna 601 and the antenna 
duplexer/RF top filter 602 are shared by the receiver and 
the transmitter. 

[0078] The SAW filter according to any of the first to io 
third embodiments may be suitably used as any or all of 
the Rx inter-stage filter 604, the first IF filter 606, the Tx 
IF filter 621 , and the Tx inter-stage filter 623. 
[0079] The SAW filter according to the present inven- 
tion has both a filtering f u nction and a balance-to-unbal- 
ance conversion function, and exhibits a satisfactory 
characteristic, i.e., an Ideal phase characteristic be- 
tween balanced signals. Therefore, a communications 
apparatus in the present invention, which uses such a 
SAW filter, has a higher transmission characteristic. 20 



Claims 

1 . A surface acoustic wave filter comprising: 25 

a piezoelectric substrate (20); 
an interdigital transducer set (201) formed on 
the piezoelectric substrate (20), the interdigital 
transducer set (201 ) including, along a surface 30 
acoustic wave propagation direction, a plurality 
of interdigital transducers (204-6) for convert- 
ing an input electrical signal into a surface 
acoustic wave and outputting the surface 
acoustic wave, and for converting a propagat- 35 
ing surface acoustic wave into an output elec- 
trical signal and outputting the output electrical 
signal; and 

a balanced signal temninal (210/211) connect- 
ed to the interdigital transducer set (201 ), 40 

wherein the interdigital transducer set (201 ) is 
asymmetric with respect to an imaginary axis (222) 
which is located at the center of the interdigital 
transducer set (201) in the surface acoustic wave ^5 
propagation direction and which is orthogonal to the 
surface acoustic wave propagation direction. 

2. A surface acoustic wave filter according to claim 1 , 
wherein the Interdigital transducer set (201) in- so 
dudes an odd number of Interdigital transducers 
(204-6), and 

the imaginary axis (222) is located at central 
portion of the interdigital transducer (205) which is 
centrally located among the plurality of the interdig- 55 
ital transducers, and is orthogonal to the surface 
acoustic wave propagation direction. 



3. A surface acoustic wave filter according to claim 1 
or 2, wherein the distances (219,220) between ad- 
jacent interdigital tranjSducers In the interdigital 
transducer set (201) are different such that the in- 
terdigital transducer set is asymmetric with respect 
to the imaginary axis. 

4. A surface acoustic wave filter according to claim 1 , 
2 or 3, wherein the ratios of the electrode finger 
widths to the pitches of the interdigital transducers 
(402,404) of the Interdigital transducer set (401) are 
different such that the Interdigital transducer set Is 
asymmetric with respect to the imaginary axis. 

5. A surface acoustic wave filter according to claim 1 , 
2, 3 or 4, wherein the pitches of the interdigital trans- 
ducers (204a,206) of the interdigital transducer set 

. are different such that the interdigital transducer set 
is asymmetric with respect to the imaginary axis. 

6. A surface acoustic wave filter according to any pre- 
vious claim, wherein the interdigital transducer set 
includes narrower-pitch electrode finger portions at 
portions (213,214) where two interdigital transduc- 
ers are adjacent to each other, each narrower-pitch 
electrode finger portion Including several electrode 

. fingers having a smaller pitch than that of the other 
electrode fingers, and 

the pitches of the narrower-pitch electrode fin- 
ger portions are different such that the interdigital 
transducer set is asymmetric with respect to the. im- 
aginary axis. 

7. A surface acoustic wave filter according to any pre- 
vious claim, wherein at least one surface acoustic 
wave resonator (202/203) Is connected at least In 
series or in parallel to the interdigital transducer set 
(201). 

8. A commuriications apparatus (600) comprising the 
suri'ace acoustic wave filter according to any previ- 
ous claim. 
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